Introduction
Research on the cerebellar control of movement has focused on within-movement dynamics, characterizing how the cerebellum adjusts the degree and timing of muscle activations needed to achieve spatial accuracy. In addition to fine, muscle-level control, the cerebellum also contributes to inter-movement timing, or deciding when to move [1, 2] . This effector-level control -which we will call action timing -relies on distributed brain circuits involving the basal ganglia and cerebral cortex in addition to the cerebellum [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . A challenge for behavioral neuroscience is to reconcile the evidence from across the brain to reveal the underlying networks for action timing and the cerebellum's participation in them. A good start is to review what is known about the flow of temporal information in cortical and subcortical circuits. We will evaluate the position of the cerebellum in timing circuits and compare signals related to the timing of behavior in the inputs and outputs of the cerebellum. We limit the scope of this review to processes involved in the initiation of single movements, although action timing of multiple movements in parallel (e.g. hand-eye or bimanual coordination) or serially (e.g. coordination of tapping in timed sequences) is also of interest.
The cerebellum is part of a larger timing network
The schematic in Figure 1a gives a basic overview of connectivity between the cortex, basal ganglia, and cerebellum. Major cerebellar afferents derive from brainstem nuclei that receive outflow (often collaterals of descending projections) from extended cerebral cortical regions and the basal ganglia. The basal ganglia and cerebrum, in turn, receive afferent input from thalamic structures targeted by cerebellar nuclei [13, 14, 15 ]. A recent study from our laboratory [16 ] demonstrated a strong correlation between oculomotor timing and neural activity in one of the nuclei, the dentate nucleus (DN). In monkeys trained to initiate saccadic eye movements to a visual target after an uncued, learned interval, a large proportion of DN neurons produced smooth ramps of activity up to and peaking at the initiation of the self-timed movement (Figure 1b) . Although this was the first quantified report of such activity in the cerebellum, comparable ramps have been found in nearly every other brain area where similar tasks have been studied, including parietal cortex [17] (for example, Figure 1c) Responses of neurons recorded at the input stages of the basal ganglia (specifically, regions of the striatum) [22, 23] , also show similar responses (Figure 1d ). Finally thalamic nuclei that receive feedback projections from the cerebellum, basal ganglia or cerebral cortex exhibit ramping responses as well [24] (Figure 1e ). Work in computational neuroscience has added to these findings, showing that timing-related ramping activity can arise from dynamics embodied by recurrent excitatory connections in the cerebral cortex [25] . Other models show how different sorts of temporal representation might arise in the cerebellum [26, 27] , or basal ganglia [28, 29 ] .
One begins to sense a chicken-and-egg problem when attempting to explain cerebellar contributions to action 
